ABSTRACT Integrated energy systems (IESs) provide a synergistic supply of electricity and heat, which offers a new approach for district heating. However, the operational risk of IESs increases continuously as the extent of renewable energy source (RES) penetration continues to increase. This condition negatively impacts the benefits of IESs to the participants in the integrated energy market (IEM) and increases the costs of the system. This paper addresses these issues by proposing a two-stage stochastic programming model that considers RES penetration for IESs operated independently of electricity grids (i.e., islanded IESs). Then, a two-stage clearing model of the IEM is established, and a market settlement process is designed. The simulation results demonstrate that the two-stage clearing model of the IEM can effectively alleviate the operational risk associated with high RES penetration by allowing market participants to make timely adjustments corresponding to their interests according to changes in RES generation.
I. INTRODUCTION
Integrated energy systems (IESs) are a relatively recent development that couple multiple energy networks and multiple energy supply modes, such as electricity, heating, cooling, natural gas, and transportation. Employing these systems to achieve regional power supply and central heating can effectively avoid problems associated with increased energy costs and environmental pollution caused by the use of conventional fuels like coal. Meanwhile, the optimal integration of renewable energy sources (RESs) in IESs can further reduce energy costs and contribute toward establishing complementary integrated multiple energy source utilization [1] . To this end, researchers have focused on a number of problems associated with IESs, such as optimal capacity allocation problems [2] , [3] , and transmission delay problems [4] . The operation of IESs is related to another relatively recent development since the 1990s. Here, the world's advanced economies, such as the United States, the European
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Union, and Australia, have begun to introduce electricity market competition mechanisms to alter the monopolistic business model of the power industry [5] . Meanwhile, the theory and experience gained in the development and use of transmission-level markets have been gradually extended to distribution-level markets [6] - [8] . However, the profound coupling between energy sources associated with IESs also increases the closeness of the relationships between different markets. For example, we note that the price of electricity will ultimately affect the production cost of heat because the energy conversion equipment employed by IESs is driven by electricity. This will, in turn, affect the price of heating. Similarly, fluctuations in heat demands can affect the power generation costs of electricity producers, and thereby affect the market price of electricity.
The synergistic problems associated with energy markets in the context of IESs has been addressed by research focused on the integrated energy market (IEM) and the heating market (HM) [9] , [10] . Here, IEM breaks the pattern of independent operation and separate management of conventional markets. Establishing a sound market mechanism helps to achieve the goal of efficient use of power and accelerate the modernization of energy resources. To maximize the potential of energy and equitably distribute electrical and heat production resources, many countries have begun to liberalize the IEM gradually, and the IEM frameworks and related legal systems are continually improving [11] . For example, optimal mechanisms and pricing methods for the HMs in Finland and Sweden have been investigated [12] , and the dynamic characteristics of the German HM has been the subject of simulation [13] . In addition, the implementation of an IEM in Quebec, Canada demonstrated that the integration of electricity markets and HMs can help companies reduce greenhouse gas emissions [14] . Moreover, the establishment of an HM has been demonstrated to be conducive for promoting the urbanization process and accelerating the construction of heating supply infrastructure [15] . These studies have shown that strategic suppliers and elastic loads have a significant impact on market equilibrium in the process of IEM clearing [16] , and market equilibrium issues have also appeared in the bilateral transactions of IEMs. Therefore, establishing a reasonable energy marginal price system is crucial [17] . However, RES generation uncertainty increases the operational risk of IESs, particularly for IESs operated independently of electricity grids, denoted as islanded IESs (IIESs) [18] , which rely on locally distributed energy supply devices to meet energy demands. As such, RES uncertainty affects the clearing and settlement of IEMs, which negatively impacts the benefits of IESs to participants in the IEM, and increases the costs of the system. Here, the randomness of RESs has been taken into account in an optimal bidding model of the IEM based on day-ahead predicted RES data [19] , and an IEM bidding model with benefit-driven energy hubs was established [20] . A day-ahead scheduling strategy was proposed for a community-scale IES in conjunction with the IEM and ancillary services market, where the impact of RES uncertainty on both markets was considered [21] .
While these past studies have considered the effect of RES uncertainty on IEM dynamics, the operational risk of IESs increases continuously with the increasing extent of RES penetration, and ignoring the uncertainty of RES predictions will make it impossible for stochastic RES producers to accurately predict their production levels, which will ultimately reduce the benefits of IEM participants [22] . This paper addresses this issue by considering real-time IEM clearing, and establishing a two-stage IEM clearing model based on the day-ahead market of city-scale IIESs. The present work makes the following contributions.
1) A linearized two-stage stochastic programming model of an IIES is established to determine IIES production and consumption levels, arrange the energy reserve capacity, and calculate the clearing price. The impact of RES uncertainty on the IIES is appropriately predicted to achieve economic system operation. 2) We establish an IEM at the distribution network level, and conduct two-stage clearing. The clearing results are then employed to design the settlement of the day-ahead market and the real-time market separately. The clearing and settlement programming ensures cost recovery for all energy producers, which is of great value and significance for IEMs with large stochastic RES producers.
II. MARKET FRAMEWORK AND ASSUMPTIONS

A. MARKET FRAMEWORK
The IIESs considered here consist of distribution electric power systems (DESs), distribution heating systems (DHSs), and energy stations (ESs), as shown in Fig. 1 . Here, the DESs and DHSs respectively provide electric power and heat to meet diversified energy demands, and the ESs convert natural gas purchased from liquefied natural gas (LNG) companies into electric power and heat for DESs and DHSs, respectively. Meanwhile, electric power is converted into heat for DHSs by electric boilers (EBs) and ground-source heat pumps (GHPs), which are integrated into the ESs. Participants in an IEM include the IEM operator (IEMO), energy producers (EPs), and energy consumers. The present work considers two types of EPs. One is conventional EPs with distributed power generation, such as micro-turbines (MTs), and the other is stochastic RES EPs (e.g., wind or solar power producers). Based on the production quotations provided by the EPs and the energy demands supplied by the consumers, the IEMO clears the IEM to arrange the energy supply plan for the next day and settle the day-ahead market. Another important responsibility of the IEMO is to plan the energy reserves of the IIES, and adjust the system in the real-time market to meet RES uncertainty.
B. MODEL ASSUMPTIONS
The primary model assumptions adopted in the present work include the following.
1) Since we focus on IIESs at the distribution level, DESs have a radial topology. The practical DES, the optimal power flow (OPF), if fully modeled, is usually a nonlinear non-convex programming with a large amount of computation required. Besides, the duality of ACOPF is weak. The DC model, which is used to describe transmission systems, is not suitable for LMPs calculation VOLUME 7, 2019 in RESs due to the high R/X ratio and incapability of addressing losses. Therefore, we adopt a previously proposed simplified linear DES model [6] and [20] .
2) The transfer of heat in a DHS occurs via the flow of a heat medium, and the flow rate of the medium and the piping parameters of the system affect the thermal inertia of the DHS. The problem of thermal inertia is prominent for a city-scale DHS because the system requires a relatively long time to reach thermal equilibrium. In the present work, the conversion of electrical energy into thermal energy is assumed to impart a strong correlation between the two. Hence, the DHS and DES can be simultaneously cleared at a frequency of once per hour. This frequency is deemed to be sufficiently long for the DHS to reach thermal equilibrium prior to each clearing, such that the state change process between every two clearings can be ignored [16] , [20] .
3) It is assumed that the IEMO arranges the energy supply plan and the reserve capacity in the day-ahead dispatch stage based on the predicted loads and RES outputs. The level of uncertainty for loads is much less than that for RES outputs, and is therefore neglected. The output of RESs is represented by a stochastic scenario method, where each scenario has a corresponding probability of occurrence. 4) The RES constitutes an emission-free energy source, and as such, its development is spurred on by governments. Hence, the RESs generations are assumed to be a regulated activity [22] , whose marginal cost is deemed to be zero. Assuming that the spot market is fully competitive with conventional EPs, the spot market price quoted is equal to the power generation costs of RES producers. The spot market established in this paper does not consider the quotation of load, which avoids market imbalance, and also ensures that market participants trade according to the clearing price.
III. TWO-STAGE MARKET CLEARING MODEL
The two-stage IEM clearing model optimizes both the day-ahead energy reserve dispatch and the real-time operation with the goal of lowest cost. These results are then employed to clear the day-ahead market and the real-time market, where the settlement of the IEM can be calculated.
A. OBJECTIVE FUNCTION
The IIESs considered here consist of distribution electric power systems (DESs), distribution heating systems (DHSs), and energy stations (ESs), as shown in Fig. 1 . Here, the DESs and DHSs respectively provide electric power and heat to meet diversified energy demands, and the ESs convert natural gas purchased from liquefied natural gas (LNG) companies into electric power and heat for DESs and DHSs, respectively. Meanwhile, electric power is converted into heat for DHSs by electric boilers (EBs) and ground-source heat pumps (GHPs), which are integrated into the ESs.
The clearing process of the IEM is driven by the minimization of expected system cost F, which is composed of the day-ahead dispatch costs F 0 and the real-time operation costs F s :
Here, F 0 onsists of day-ahead energy costs, reserve capacity costs, and energy interaction costs, and is calculated as follows.
Reserve capacity costs
Area interaction costs (2) Here, i indexes the MTs, t represents the period, N MT is the set of MTs, C MT are the purchases, and the up-and down-reserve of the LNG supply, respectively, and P F EX , P B EX are the forward and backward electrical power transmitted in the tie line, respectively. In addition, F s consists of load shedding costs, energy adjustment costs, and regional interaction adjustment costs, and is given as follows.
Load shedding costs
Energy adjustment costs
Here, u and v are the bus and node numbers of the DES and DHS, respectively, π is the scenario in the real-time mar-ket and p π is the probability of π , C e and C h are the load shedding costs of electricity and heat, respectively, P 
B. DAY-AHEAD ENERGY-RESERVE DISPATCH
The day-ahead market takes place the day prior to energy delivery. The IEMO clears the day-ahead market to schedule production and consumption levels and day-ahead marketclearing prices. Meanwhile, sufficient reserve capacity is prepared to accommodate possible uncertainties in real-time operation efficiently [22] . Hence, we propose a framework of day-ahead energy-reserve dispatch. In this section, the superscript 0 indicates a variable in the day-ahead market.
1) DES MODEL AND CONSTRAINTS
The linearized DES model is given in (4)- (6) .
Here, (4) and (5) are the active and reactive equilibrium equations of the DES, respectively, and (6) is the branch flow equation, where i, j and k index buses in the DES, P 0 ij and Q 0 ij are the respective active and reactive power flows between buses i and j, P 0 MT and Q 0 MT are the active and reactive outputs of MTs, respectively, P 0 RES is the RES generation scheduled in the day-ahead market, P 0 ES is the net active power injected by the ES. In addition, P F,0 EX and P B,0 EX are the respective forward and backward power flows on the tie line, where the output from bus j is forward and injection at bus j is backward, P 0 L and Q 0 L are the active and reactive loads, respectively, U 0 is the bus voltage, U 0 ref is the reference voltage of the balanced bus, and r ij and x ij are the branch resistance and reactance between buses i and j, respectively. The DES operation constraints are given in (7)- (11) , which correspond to the constraints on MTs, bus voltages, branch currents, and tie lines, respectively.
Here, max and min are the respective maximum and minimum values of the corresponding variables. The reserve capacity requirements for real-time power flow balancing regulation are given as follows.
Here, R U MT and R D MT are the upward and downward reserve capacities of MTs, respectively, and R min MT is the minimum reserve capacity of MTs. It should be noted that the reserve capacity is purchased by the IEMO in the day-ahead market, which is a demand for energy balance.
2) DHS MODEL AND CONSTRAINTS
A typical DHS consists of water supply systems, return water systems, heat sources, and loads. The standard DHS model [18] is nonlinear and non-convex, which is difficult to solve. Therefore, we adopt the widely used constant-flow variable-temperature (CF-VT) model in this paper [16] , [20] , [23] . The water mass flow rates in pipelines are fixed, and the nodal temperatures and the outputs of the heat sources are variable. The CF-VT model can be expressed as (15)-(23). 
Here, the node numbers of a DHS are denoted by m and n, while v and s index the loads and the heat sources, respectively. Pipe flow between nodes m and n is given by (15) . The flow and power balance equation at node n are given by (16)- (18) . Constraints (19) and (20) respectively represent the thermal energy supplied and demanded by heat sources and loads. Constraints (21)- (23) limit the temperatures of the nodes, where T 0 κ and T 0 υ are the inlet temperature and outlet temperature of pipelines, respectively, T 0 e is the ambient temperature, R, c, ρ and η H are constants, which represent the specific thermal resistance of pipes, the specific heat of water, the density of water, and the average efficiency of VOLUME 7, 2019 the heat exchange equipment, respectively, L and f are the respective length and flow rate of pipes, Q 0 L and Q 0 H are the load demands and output of heat sources, respectively, T 0 LS,v and T 0 LR,v are the respective temperatures at the supply sides and return sides of loads, and T 0 HS and T 0 L are the respective temperatures at the supply sides and return sides of heat sources. However, because (15) is a nonlinear equation, we apply a Taylor expansion truncated at the second term to obtain e −x ≈ 1 − x, which results in the following linearized pipeline model [24] .
Thus, the linearized CF-VT model consists of (16)- (24).
3) ES MODEL AND CONSTRAINTS
The ES enables the mutual conversion of energy, and is therefore an important facility for integrating the DES and DHS [25] . As shown in Fig. 2 , the ES model includes a combined heat and power (CHP) plant, a GHP, and an EB. The high-level energy of LNG combustion is utilized by CHP plants to drive the MT for generating electricity. The high-temperature heat discharged from the MT is used for heating and supplying domestic hot water after being cooled by a bromine refrigerator. Ground-source heat pumps and EBs convert power into heat with different conversion efficiencies. The ES model shown in Fig. 2 can be expressed as follows. (27) Here, the CHP plant operates in a fixed thermoelectric ratio mode, as shown in (25) . The operating equations of the GHP and EB are respectively given by (26) and (27) , where Q 0 LNG , P 0 ES and Q 0 ES are the LNG consumed, and the electrical and thermal output power of the CHP plant, respectively, P 0 GHP and Q 0 GHP are the electricity consumed and the heat output of the GHP, respectively, P 0 EB and Q 0 EB are the respective input and output of the EB, and η CHP , η CHP,e , η CHP,h , η GHP and η EB are the conversion efficiencies of the corresponding component energy outputs.
C. REAL-TIME OPERATION
The real-time market takes place several minutes before energy delivery, and constitutes a mechanism for balancing energy production and consumption [22] . This market is particularly relevant for stochastic EPs that cannot accurately predict their production levels before the closing of the day-ahead market. The IEMO clears the real-time market to adjust production and consumption, which will balance the market-clearing price [26] . In this subsection, the superscript s indicates variables in real-time operation, and the variables already defined in the context of day-ahead dispatch are not defined again.
1) DES MODEL AND CONSTRAINTS
The active output of the MT and the power transmission on the tie line are operated based on the day-ahead market. Meanwhile, a portion of RES generation and load demand will be curtailed to ensure the safe and stable operation of the IIES. The DES model and constraints under real-time operation are given by (28)-(39). 
Here, λ π w and λ π e are the curtailment rates of RES generation and electric loads, respectively.
2) DHS MODEL AND CONSTRAINTS
The DHS operates heat loads to accommodate actual RES generation. The DHS model and constraints under real-time operation are given by (40) 
Here, λ π L is the curtailment rate of heat loads.
3) MARKET CLEARING AND SETTLEMENT SCHEME
The two-stage stochastic dispatch of the IIES is composed of day-ahead energy-reserve dispatch and real-time operation.
Here, considering the balance of real-time operation effectively improves the economic benefits of day-ahead energyreserve dispatch because sufficient flexible capacity is made available for balancing the systems to accommodate the uncertainties of stochastic EPs efficiently. This subsection proposes a settlement plan based on two-stage stochastic programming to define a set of prices that provide day-ahead dispatch results that are satisfactory to market participants. The DES model is linear and convex, so the locational marginal price (LMP) of electricity (i.e., the ELMP), can be extracted from the dual variables of DES active balance equations (4) and (28) . Based on the definition of the ELMP, the LMP of heating (i.e., the HLMP), can be extracted from the dual variables of the DHS heat balance equations (20) and (45). Hence, the dual variables λ 0 e,t and λ 0 h,t are defined as the ELMP and HLMP of the day-ahead market, respectively, and the ELMP and HLMP of the real-time market are defined as:
Then, according to the economic interpretation of these dual variables [27] , we construct the following settlement scheme based on ELMP and HLMP:
where p represents a market participant, n (p) denotes the node or bus where p is located, Ep is the amount of energy traded in the day-ahead market, indicating that the EPs sell energy to consumers when the value is positive and loads consume energy when the value is negative, and E π p represents adjustments to the energy settlement.
Specifically, the settlement in the day-ahead market can be described as follows. 1) Each conventional EP i located at bus n is paid for its day-ahead energy dispatch P 0 MT ,i at a price equivalent to the ELMP.
2) Each electric consumer j located at bus n is charged for its scheduled energy consumption P 0 L,j by an amount equivalent to the ELMP. 3) Each stochastic EP q located at bus n is paid for its day-ahead dispatch P 0 RES,q at a price equivalent to the ELMP. 4) Each thermal consumer v located at node n is charged for its scheduled energy consumption Q 0 L,v by an amount equivalent to the HLMP. For the real-time market, the settlement for EPs and consumers is described as follows. 1) Each conventional EP i located at bus n is paid for the additional energy r U ,s,π MT ,i required for balancing in scenario π at a price equivalent to the ELMP. 2) Each conventional EP i located at bus n is charged for the energy reduction r D,s,π MT ,i required for balancing in scenario π by an amount equivalent to the ELMP. 3) Each stochastic EP q located at bus n with a production surplus in scenario π is paid for its excess generation P 0 RES,q 1 − λ π w,q − P s RES,q at a price equivalent to the ELMP. 4) Each stochastic EP q located at bus n with a production surplus in scenario π is charged for its production P s RES,q +P 0 RES,q λ π w,q − 1 deficit at a price equivalent to the ELMP. 5) Each electric consumer j located at node n suffering from a load curtailment in scenario π is compensated for this curtailment at a price equivalent to the ELMP. 6) Each thermal consumer v located at node n suffering from a load curtailment in scenario π is compensated for this curtailment at a price equivalent to the HLMP.
D. SOLUTION METHODOLOGY
The two-stage IEM clearing model consisting of Eqs. (1)- (14) and (16)- (48) can be expressed as a typical optimization problem. Since the IIES model includes no nonlinear constraints, the two-stage IEM clearing model can be described as a linear programming (LP) problem. In the following examples, the model is programmed using GAMS 24.7, and is run on a PC with an Intel Core 2.8 GHz CPU and 8 GB RAM. The CPLEX solver is employed to solve the LP problem.
IV. ILLUSTRATIVE EXAMPLES A. BASIC CONFIGURATIONS
We employed the IIES shown in Fig. 3 , which is composed of a 33-bus DES (DES A), a 13-bus DES (DES B) [28] , and a 33-node DHS of the Barry Island heat network [18] , to illustrate the validity of the proposed model and method. The output power of the CHP is connected to bus 6 of DES A and bus 3 of DES B, while the heat is supplied to heat source 1 of the DHS directly. A GHP connects bus 12 of DES A and heat source 2 of the DHS. An EB is connected to bus 12 of DES B and heat source 3 of the DHS. Bus 2 of DES A and bus 2 of DES B are connected by a tie line with a maximum transmission capacity of 700 kW. The total installed capacity of the RESs is 2 WM.
B. SCENARIO DATA
The energy demands of the test IIES were derived from the PJM Market in America, and are shown in Fig. 4 . The RES data were obtained from the National Renewable Energy Laboratory (NREL) website, and are shown in Fig. 5 . A total of 10 RES scenarios were obtained through the simultaneous backward reduction method, where we assumed that all of the wind turbines were subject to the same wind at the same time. 
C. CASE STUDY 1
Changes in the electricity and heat demands of the IIES are not synchronized, and this will affect system dispatch. For example, changes in the heat demands will affect the power flow of a DES and the congestion of the IIES, which will alter the LMP eventually. Here, we design the following cases to evaluate the impact of system congestion on the ELMP, HLMP, and system dispatch.
1) Case 1A: base-case electricity and heat demands.
2) Case 1B: heat demand increased by 10%.
3) Case 1C: heat demand increased by 20%. Table 1 presents the individual costs and total costs of the three different test cases. We note that the total costs of Cases 1A and 1C are greater than that of Case 1A due to the increased heat demands. In contrast, the reserve costs and transmission costs of Cases 1B and 1C are both less than those of Case 1A because the increased heat demands increase the consumption of RES output. The impact of changes in heat demands on the IEM are discussed separately for the day-ahead market and real-time market in the following subsections. 
1) IMPACTS ON THE DAY-AHEAD MARKET
Changes in the degree of congestion of the DHS correspond with variations in the heat demands, which will affect the HLMP of the IIES. The variations in the load-weighted HLMP values of the three cases are shown in Fig. 6 . Here, we note that DHS congestion is aggravated for Cases 1B and 1C relative to Case 1A, and this increases the load-weighted HLMP values, particularly at hours 10, 17, and 18. Variations in the HLMP for each load point at hours 7 and 8 are depicted in Fig. 7 . For both periods, the HLMP values of nodes with heavy loads (such as nodes 1 and 7) are greater than the HLMP values of the other nodes, and changes in the HLMP values as a result of increased heat demands are also observable. Since the ratio of the thermal load to the electrical load during hour 18 is greater than that at hour 17, the DHS is more severely congested at hour 18 under an increasing heat demand, and this results in greater increase in the HLMP values. Here, the HLMP at load point 7 increased from 8.45 for Case 1A to 12.39 for Case 1C. In addition, the congestion of the DHS is further aggravated by the limited pipe flow rate, which also increases the HLMP values. For example, the pipe flow rate of load point 8 is less than those of the other load points, so the increase in the HLMP at this load point is more severe when the heat demand is increased. Operators can address problems of this nature by appropriately increasing pipe flow rates.
We also note from Figs. 8 and 9 that the trends of the load-weighted ELMP and load-weighted HLMP are highly consistent owing to interactions between the two systems. Here, the energy converted in the ES increases with increasing heat demand, and the load-weighted ELMP varies accordingly. However, DES B consists of a smaller number of buses than DES A, so that the load-weighted ELMP of DES B is relatively small, and changes in the ELMP values are relatively weak. 
2) IMPACTS ON THE REAL-TIME MARKET AND RESERVE CAPACITY
The reserve capacities of the day-ahead market, the average balancing regulations, and the ELMP values in the real-time market of MT4 for the three different cases are presented in Figs. 10-12 . The tie line can adjust the transmission of electric power during the real-time operation stage to alleviate system congestion and reduce the reserve costs. The cost of the tie line is less than the reserve costs of MTs. Therefore, it is more efficient for the IIES to respond to changes in RES generation by adequately planning the power flow, unless the transmission capacity of the tie lines is limited. For example, at hour 11 in Figs. 4 and 5 , where the variation in RES generation is high and the load is heavy, the system cannot meet its security requirement by tie line adjustment alone. Therefore, the system must dispatch greater energy reserves to accommodate RES generation variations. Meanwhile, the average operation cost between the hours of 11 to 13 exhibits a significant deviation from the reserve value, indicating that the revenue adjustments of the MTs in these periods are high, which increases the costs. As can be seen in Figs. 10-12 , the clearing price of MT4 in the real-time market is closely related to the operation cost and the reserve capacity. Also, the load-weighted ELMP values decrease as the heat demands increase, as indicated during hours 11-13 and hours 18-22.
The average transmission power of the tie line is shown in Fig. 13 for the three cases. We note here that the weak ability of DES B to absorb RES generation necessitates that it transmit active power to DES A to prevent wind-power curtailment. We also note from the figure that an increasing heat load promotes the dissipation of RES generation, which reduces the degree of tie line power transmission, and therefore helps to adjust the system power flow. 
D. CASE STUDY 2
We designed two cases for investigating the impact of variations in RES generation on the IEM. These include the following.
1) Case 2A: base-case RES generation.
2) Case 2B: deviation in RES generation increased by 60% in each scenario.. Meanwhile, the heat demands in both cases are reduced by 10% to increase the level of RES penetration. Therefore, we note that the degree of RES uncertainty is much greater in Case 2B than in Case 2A.
We select scenario 9 from the 10 scenarios shown in Fig. 5 for analysis. The RES generation in scenario 9 is greater than the basic scenario during hours 2-18. The maximum deviations between the two cases and the basic scenario are 3.60% and 5.75%, respectively, as shown in Fig. 14 . The settlement and revenue adjustment of MT 4 in the day-ahead and real-time markets under the two cases are shown in Fig. 15 . We note that the two cases exhibit obvious differences in the settlement of the day-ahead market during hours 3-10, while settlement in the remaining time slots is more similar. For the real-time market, revenue adjustment is greater during hours 3-10 than in the remaining periods. In Case 2B, the downward regulation of MT 4 is greater than that in Case 2B to absorb a greater proportion of RES generation and alleviate the anti-peak regulation characteristics of RES generation, which is particularly evident during hours 3-10.
The final settlement income of MT 4 is compared in Fig. 16 . Here, we note that the cumulative settlement incomes of MT4 for the two cases begin to deviate from hour 3, and the income for Case B-II begins to decrease below that Hence, increased RES uncertainty reduces the market benefits of conventional EPs. Therefore, on the one hand, the marginal cost of MT 4 decreases with increasing RES penetration because the RESs are connected to the DES with zero marginal cost, which decreases the ELMP values. On the other hand, the reduction in the output power of MT 4 also reduces the revenue of conventional EPs.
V. CONCLUSIONS
The operational risk of IIESs increases with increasing RES penetration due to uncertainties in RES generation. The present work addressed the impact of this issue on the market revenues of IIESs by establishing an IEM clearing model based on two-stage stochastic programming, where the clearing process of the IEM is driven by the minimization of the expected system cost composed of the day-ahead dispatch costs and real-time operation costs. The simulation results demonstrated that the proposed two-stage IEM clearing process can appropriately adjust the power generation plan of the IIES corresponding to changes in load demands or the degree of RES uncertainty based on the optimal economic operation of the IIES to ensure cost recovery. At the same time, the twostage clearing process ensures the benefits of market participants and promotes fair competition in the market.
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